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���������������S��``U(*�����f`U(*��&(�)(+(1$8(1  ,��7�'��(+���U ,�.�0�-��TZ��
����������������������������������������������������������{�����S��``����f`T�
�
t��� 0�B*��72� -.�O�-� �7� �BF�'(+� B�'� ��U ,�.� Y(FH�/�*(�(1$8(1  ,�.�
0�-��4��
�� ($�&�(1$8(1 �;4� �8 � Y(FH�/�*(�(1$8(1  ,�.� 0�-���� (�( 9� $(18D� M, � '�D./�

W(D(�� ��U ,�.� -.�O�-� �78�� �BF�'� 9�� ��U.� 0 ���*(��
Y(FH�/�*(�(1$8(1  ,�.I� 2 '�*(1-� N� �-, �W�� �̂� t���
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(1 ,I(+� Y(FH�/�*(�(1$8(1 2R� ��U.� 8(1��9� M8(1�� 0 ���*(��
Y(FH�/�*(�(1$8� � 0�-��� t��U � 0�B*��7,D(1� O�-� �7��
��U.�  B� �7(1$8� � 0�-��� 2 '�*(1-� N� H��� �G�*,D�&(18 �
0 ���*(��',/�7� � B� �7(1$8(1 2R��

��'(17�
)� ($�&�(1$8(1 ��

�8 � 0 ���*(�� Y(FH�/�*(�(1$8(1  ,�2�� (�( I(1-� ��U ,�2�
�BF�'(1-� , � -.�O�-� �7�� (�(B*(1-� , � 2/'� W(D(�� ��U ,�.�
7(+-.I�0��-�  ,�.� 7�'��-� Z� /7/�)��-, �H� H�+���U.I�
S�8 �� (�2� &(�)(+(1$8(1 2� 7�'��(1-� N� �-, �-,)�
9� �7(1$8�-W� I.7D,�(*T� �� *,�6�I��)� �-, ����&� ��U(*R�
���-�  ,�.� (�(B�7.� 0�6(�H�7� (1$8� � 8(1��9� M8(1��
I.7D(1-�� �8H� I.7D.� O�-� �7� &(�)(+(1$8� � -,6� &' *(+� W(D(��
��U ,�.� Y(FH�/�*(�(1$8(1 2� 0� H./� (1-� N� 0 ���*(��
Y(FH�/�*(�(1$8(1 2R� � ���-�  ,�.� 0�6(�H�7� (1$8� �
(�(B-� � O�-� �7� � 0��O,B'� N� 0�B*.� �G ,D� 0�-2 7 (+�
&(�)(+(1$8(1  ,�.� 0�-��� /�0-� *�)� -,9, �8�7� � 7�-�
/��9�*(�-� �_��'���K,'�7� �/�0-� �Y�7(1- ,�2R��

�� ($�&�(1$8(1 �!4� �,7� . ',&��D�8. � -.7�(/F,-� � 7�-� -,7� 'K�'�F'�72�
7��(+�N�K��(1 �7,D�W�>-�$.*���U ,�R�

�� ($�&�(1$8(1 �54� ��-��*(1-� N�� (�� ',+.� � N� (1 , (1-� W(D(�� ��U ,�.�
-.�O�-� �78��&(�)(+(1$8(1 ��,$,�0�B*(+�7� �0�-�7��&. �
*,��W,�(+� 0��0� & ,�.� � 7�-� B�0�&(�)-� � K�8-�  ,�.�
K�'��/'(+2� 0�8'����,D� N� 0�-�',+*�)�� >(1&�0,G� 7�-�
-.�O�-� �78��&(�)(+(1$8(1  ,�.��G7�8(1$8� �-�/. R��

�� ($�&�(1$8(1 �@4� t���  B� �7(1$8(1  ,�2� 0� ��&(1-��.� M, � W,�*(1-� <D(7�D�
0�B*(+�7� � I� I,�(*?�� &D(W�D� 0�B*(+�7� � I� I,�(*��
2 H0� (1��  ,�� I.MU��'� I.M� (1 ,I(+� /��9�*(�(1-(*��
 ,�� I-� U��'� I-� � 0/7.M ,�(*� �� 0�+(�H�7I(1$8� �
I� 7�I�)��8D�-.�I(1- ,�(*�7�K*�)����0�-�H�(1$8(1  ,�.�
0�-��R�

�� ($�&�(1$8(1 �E4� t���  B� �7(1$8(1  ,�2� K,'9� N� 0� ��&(1-��.� W,�*, �
W�>-�$.*� ��U ,�.� 0�-���� (�( 9� 0�'(17�-B�7*�)�, �H�� I�
W (1$�&�,�2�W��,D�*,D(1�0�-��Z� ��U ,�.�-.�*(�-� �� H�� I�
-.�O�-� �78�� �BF�'� 9.� �� 0.B(+(1$8� � W�BF-� �
0�B*. �� �8 � H,K9(1-�� ,�W� 0�'(17� -B�7*�)� 0�-�7��&M�8. �
-.6(I ,�.�=&'�&(�)-� � B (�0.*� ��U ,�2� -.�*(�*(1-�, �-,7�
-.�/ �7� �Y(FH�/�*(�(1$8� �-,6R��
�
�-� �-.�*(�(1-2�M.�*,��W,�(1-�@w""54�4�7,'(1-� 7���&�*�)�
<ND,7'�( �8. �0�*�9*�)9 ,�. ?R��
�
 ¥t��¥�{���;�|�d!�����!�|�444�|�d����������
�
(�',+���� B� �7(1$8(1  ,�2�H�/�*(�*�)�, �2/'���O,9 ,�.�
-,)(1$8� �� �8/. 9 Z� ��;� X � (1 .� �-, �-,)� ��O,92�� ��!X2Z�
,�7�(�H� ��O,92� 2/'� -,)(1$8� � �� ��X � (1 .� �-, �Y(9��
��O,92R� � d�� &(�)�7.I ,�2� (�(B*(1-� , � ��U ,�.� -.6�� ,+�)�
Y(F�H�� �̂7�K.�(1O(*Z�0,'�8�D� �̂(*4��
�
t H0� (1�� 0.B(+(1$8� � -,6� �BF�'(+� W�>-�$.*� ��U ,�.�
H,K9(1-Z��
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�
    C2 = C3 = C4 = ... = Cn = 0.75: 
�

�� ($�&�(1$8(1 �;4� �$,� *,�2�  B*�)� -,$(H(*� 0�B*��7*�)� t��� -,)(1$8(1 2�
&,��>� I(1-� N� ;L@� �'&j*�7U2�� �K�� d�U2� 7��(+� N� (�(B*,D�
(�K,/Z�
�
�������������"4#E�
d��{�UUUUUUUUUUUUUUUU������S��{�!��3����T��
��������������g�
�
(�',+� �� U2� ��U ,�.� 7�-� 2 H0� (1�� -(1'9� (1 ,I(+� ��U ,�.�
F-W,�.�9� �7(1$8(1  �N��8 �H,K9(1-��,$,4��
�

;4 ���U2�8(1��9� M8(1����U.� 7�-���U ,�.�F-W.�0�-���M.�
&,��>� I(1-�5"��'&j*�7U2?��

!4 ��U ,�2� 7�-� ��U ,�.� F-W,�2� (1 , � 2 H0� (1�� -(1'9�
H,K.� 0.- �7� � 0.B(+(1$8(1 2� SW�I.� 9,BU
0.B(+(1$8(1 .IT��(� �.��7� �I*(1-�N�-,7�(1+.(*����

54 -.�8 � -,7� ��U � 7�-� �'U ,�.� F(1-W2� 7��(+� , �
=&'�&(�),D�'*8�D�(1+. �I� 7�I�)��O�-� �7R��

�
��'(17�)� ($�&�(1$8(1 4����M.�*,��W,�(1-���',&(�.��5U(*�
0/7*(+���'�H�� 9 ,�. R��

�� ($�&�(1$8(1 �!4� ��-��*(1-� N�� (�� ��U ,� � (1 , � 2 H0� (1�� 0.B+(1$8(1 �� ,$,�
H�� 9� 0�/I,�&�*(1-� , � K. H-��- �8. � 0.B(+(1$8� �
2 H0� (1�� WD(7. R� �8H� 0.B(+(1$8(1 2� 7��(+� N�  ,��G,D� 9,B�
0.B(+(1$8(1 2�� =K,��'.*� 0.B(+(1$8(1 2� 7�-� �8D�  ,�9. �
0.B(+(1$8(1 R� ��8��-�/�8. � 0.B(+(1$8� � /��9,�2�� . MK./.9�
, � /7�*�G�7�7.�2�� -�& ./�7� �O�K�*, .� *��� 7(1'�7(+�
/��9,�2� 7�-� =K,��'.*� 0.B(+(1$8� � /��9,�2�� �8/',+� M, �
2 H&�7*(1-R��
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�
�*8�D ,�.� Y(F� I-� � -,7� 7�-� -.� 9� .� (1+. ,�(*� 7�K*�)� B�'� ��U ,�.� 7�-�
2 H0� (1��0.B(+(1$8(1 �M(1 ,I(+���U ,�.�F-W,�.�H,K9(1-Z�
�
Ci = 0.75 * ki (i = 2, ... , 32) S',/� ,�9�.�)� ($�&�(1$8(1 2T 
 = 0.60 * ki (i = 33, ... , 64) 
 = 0.45 * ki (i = 65, ... , 256) 
 =     0.30 * ki (i > 256) 
 
d�U.���O,92�7�F*�)�N���U ,�.�9� �7(1$8(1 .I����8D�(M�$,�0� &(18I ,�.�$*.I���
�
(�',+Z��
kiU2�= min (Si/Kr, 1), ��
KrU2� (�-�*(�(+�W�>-�K�'7.M �N��(�2�0�*�/���N�!"��W�8'j*�7��
SiU2� '*8�D ,�.� Y(F� I-� � �G�*,D�&(18 � ���&(1$8(1  ,�.� &(1-�� � N�
S��'�0�8'*�)��W�8'j*�7U ,�(*TZ� i-,�(�H���U.�7�-�2 H0� (1��0.B(+(1$8(1 �(1 ,I(+�
��U ,�.�F-W.�0,'�7�K*�)�'*8�D ,�.�Y(F� I-� �W(D(��(1+. ,�.�0�-��R��
�
��U ,�.�F-W.�0�-���d�U2�0�B*��7,D./��F-W(1-�,+�)��G�6. ���U.�0�-��2�(�(B(1-�N�
d�U.� /,Y�7� � /�0-� 2R� %�. �7Z� F-W,�.� Y(FH�/�*(�(1$8� � -,6�� (�( I.I�
81��9� M8(1�2�7�>-*�)�N�,�,9���U.I��!!U�H�F(1-W2�7K��(1 �7.���:@����:E�����::R��8H��
F-W.�0�-���d�U.�/,Y�7� �/�0-� 2�7D. .�"�:"R�
�
�(FH�/�*(�(1$8(1  ,�2� S��U ,�.� 7�-� ��U ,�.� F-W,�.T� � 0��O,B'� N� (�(B,D�
�-, ����&.I�-. M���-, �H� H�+2���8/. 9 Z��
�
��;¦���!�3�¦��������
�
�8 �H,K9(1-��,�W�����U �{�����|�;Z��-, �-,).I�-. M���-, �Y(9����O,92���8/. 9 Z��
�
d�≥ d��|�;�
�
�
�
�� ($�&�(1$8(1 4�� ki� � W�>-�K�'7.M2� MK,'9� N� 7.��G*.� !U.I� -. M�� ;!� ��U ,�.�

 7�'-�-W��,$,���U ,�.�7�-���U ,�.�F-W.���;U2�E"��'&j*�7U.I�
W�� �̂� N���8/. 9 �!U.I� -. M�� ;!���U ,�.� 0�-���d�U � 0�*�/��� N�
"�#EU.R�

����
����
����
����

��',&(�.��E4��,G�0�+(�H�7I(1$8(1 ���<. J(�-�I.�8.���',&(�.��E4��,G�0�+(�H�7I(1$8(1 ���<. J(�-�I.�8.���',&(�.��E4��,G�0�+(�H�7I(1$8(1 ���<. J(�-�I.�8.���',&(�.��E4��,G�0�+(�H�7I(1$8(1 ���<. J(�-�I.�8.�
K�B'K� (1$8(1 ?K�B'K� (1$8(1 ?K�B'K� (1$8(1 ?K�B'K� (1$8(1 ?����

����
�
��/�;4� �,G�0�+(�H�7I(1$8(1 �

�
�� ($�&�(1$8(1 � ;4� �,G�0�+(�H�7I(1$8� � /��9,�.� 7�-� 0�-�7��&,�.�
0�-���0�'(17�-B�7*�)�W�+�H�.M ,�.��<D�>,��8. ?��Y(� �̂�7�8. �7�-�
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<��'�H��7� ?�/��9�*(�(1- ,�.�� 8(1$,�.���<)��&��8. ��K�0(*-� ?�
0/7(+�7� �7��&�*._�72�(�(B*(1-�N���',&(�.��EU.���/�;U(1-R��
�
�� ($�&�(1$8(1 � ;4� �,G�0�+(�H�7I(1$8� � /��9�*(�(1- ,�.�
�BF�'� 9.� 7�-� =O� H�7(1$8� � 0�-��� � 0��O,B'� <$*�8. � C��U
 ,�2?��H�� I�0,'�7�K*�)�<)��&��8. ��K�0(*(1-2?��H.'*(1-�, �(�K,/�
0�'(17�  �F�&)*�)� W�+�H�.M ,���8 � H,K9(1-��,�W� H�� 9���'�H�(+.�
7(+-.I� -�'�7����*(+� /'� H��'� -(H,D ,�� , R� ���  ,��G(1-� N�
0�-�7��&M�8. � 0�-�7��&,�.� &(�)��7(1-2�� +,7�*��(1-2��
B�0�&(�)(1-2�� �F�&)(1-2�7�-�.��*�7� �0��I,�2R�

Ew;� ��-�7��&,���/��9�*(�(1- ,����W�+�H�.M ,��
Ew"";�
Ew"";���
S�T�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Ew"";���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�4� �,G�0�+(�H�7I(1$8� � /��9�*(�(1- ,��� (�( 9� (1 , � /'(���  B*�)�
W (1$�&�,�.I��0�'7(1$8(1  ,�.I���&(�)�G(18$ ,�.I�(��N�-,724�
�

;4 0�'(17� -B�7*�)� , � -.6(17�8. � K�8$8(1 .� O�-� �7� )�&(+�
O�-� �7�*(�� ND,7'�( �8. � 7�-� ND,7'��-�& ./�7� �
.-K(1D/ ,�.I�K�B'K� ,D(1�0�-����

!4 =O'*�)� , � &�--���  ,8'�( �8. � 7�-� .( �8. � _�G�&�8$-� �
 7�'-�-W�W�� �̂��7�8(1 (1$8�-W���

54 0�'(17� -B�7*�)� , � !;Ab� SUEE� cdTU.I� -. M�� 5L#b� S;!@� cdT�
-.6�7�89.I� H(1�/� &' *(+� 6,�-�/'._�  ,�(1-� �BF�',D(1�
0�-��R�

�
�� ($�&�(1$8(1 4� Ew"";� �454� 7,'2� 7.��G*(1-� N� -.�8 � ND,7'�( �8. �
/��9�*(�(1- ,�.� 7�'-�-WR�
�
�� ($�&�(1$8(1 4� Ew"";� �4!4� �� Ew"";� �454� 7,',�2� M, � 7.��G*(1-�
0�$.G ,�(1-�=&'�&(�)*(+�/��9�*(�(1- ,�.� 7�'-�-WR�
�
�4� �,G�0�+(�H�7I(1$8� � 2 H(1 �0�+(�H.M� 0�-�7��&,�� (1�
/��9�*(�(1- ,�� �� 0�'(17� -B�7*�)� W�+�H�.M ,�� (1� 0���7.I�
/��9�*(�(1- ,��� (�( 9� (1 , � W(D(�� /'(���  B*�)� W (1$�&�,�2��
0�'7(1$8(1  ,� �(1�&(�)�G(18$ ,�24�
;4�`'�(6�8��7�K.�0�-�7��&,���(�( 9�(1 , �0,'�8�D�W (1$�&�,�.I�(��N�
-,724�
�4�!"�7�IU.I�-. M��7:"��I�-.6�7�89.�/�0-�  ,�.I�H(1�/�&' *(+� �̂8 �8. �
7�(+�0�_�F�7� (1$8(1 ��
�4� =&'�&(�)(1-� , � 5"� 7�IU.I� I�)�� 7�(+� ND,7'��-�& ./�7� �
0�_�F�7� (1$8(1 ��7�-��
v4�=&'�&(�)(1-�, �_�G�&�8$.�ND,7'�( �8. �',/�)�-� �-,$(H2R�
�
!4� ;�E� ��IU.I� -. M�� A#�E� ��I� 0�_�F�7� (1$8(1  ,�.� -.6�7�89(1-�
�BF�'(+� G�H.(/��9�*(�(1- ,��� (�( 9� (1 , � 0,'�8�D� W (1$�&�,�.I�
(��N�-,724�
�
�4�  ,��G(1-� , � 0��-��*(+�7� � -,$(H ,��� (�( 9� �K�0(*(1-� , �
F� &��-� ��>H� B� .Z�;E�HQU.I�W�� �̂�_ B(1-��
�4�(1 , �0,'�8�D�W�+7�I(1I.M�-�/,�24�

;4 �*'(-�'� 7� F�',/*(+� �� 2 '�*(+� 0�_�F�7� (1$8(1  ,�� ��
<$*�8. � Y(F� I-� � 2 H0� (1�� ���&(1$8(1  ,�?Z� Y(F� I-� �
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Ew"";���

=K'.-�D�I-� �0�-����
!4 0>(�(1$8� �  ,�7�G(1I*�)� &)�8. � (1O,+�I(1I.M�� (� � 2 H(1 �7� N�

-.�O�-� �7� /K�/��7,D� ;� 7�'� 7�-� �*,D.� W�� �̂� ,D9�8. �
0>(�(1$8�-W� W�>-�$.*� �>H� B�  ,�� ;�EU5"� ��I�
0�_�F�7� (1$8(1  ,�.� 2 H&�7(18$(1-� 7�-� !E"� �'� ,D9�8. �
0>(�(1$8�-W��>H� B�  ,�� 5"� X� A#�E���I� 0�_�F�7� (1$8(1  ,�.�
2 H&�7(18$(1-Z� -,7� =7'�*�� 7�-� H�� .I� W�� �̂�
<0�_�F�7� (1$8(1  ,�.� $(+� I-� � B,�'.� �7 $��$�8. �
D�8 (1$8(1 (1-?���,D9.� -('� 0��-( .7 ,�.�(1��+�*�+(1- ,�.� � X� A"�
HQU �&,��>� I(+�K��(1 �7(1$8�-W���

�
54 G�H./��9�*(�(1- ,��� (�( 9� =&'�&(�)(1-� , � </K,7'�.�

2 HD�8 -� ?� -,$(H ,�2��  ,��G8�D� <0�_�F�7� (1$8� � $G.M9� �̂�
*,��D��92?����(1 , �0,'�8�D�W (1$�&�,�.I�(��N�-,724�

�
�

�4�=&'�&(�)(+.�7(+-.I�)��&��*(�*(+�2 HD�8 -� �7(H,���7�-�
�4�0�_�F�7� (1$8(1  ,�.�Y(F� I-� �B,�'.�2 H0� (1��D�8 (1$8(1 2�
;""� 7�-� �*,D.� � &�-� &,��>� I(1-� N� I� 7�I�)� -,7� . J(�-�I.( �
7�K(1+(1�0�_�F�7� (1$8(1  ,�.�Y(F� I-� �B,�'2���7�>-(1-�N�E"�
7�IU.I��*,D.R�
�
�� ($�&�(1$8(1 4� Ew"";4�454�4� 7,'(*� M, � 0/7*(1-� W66�8. � 7�K.�
9�+�9�I.�7� � B� �7(1$8� �0�-�7��&,�(1-�=&'�&(�),D(1�0�-���
0�'(17�-B�7*�)�/��9�*(�(1- ,�2R��
�
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7�G�*��-� �� 0/7(+(1$8� �� D.I9�0� -� �� �K�7(+- (�(B-� �� F� &��(1- ,�.�
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0��-��(1$8� �  K�'�7(*R� �8 � ��'�H�� 9 ,�2�� (�( I�  7���&�(1$8(1  ,�2� '*8�D�
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W�+�H�.M ,�R�
�
�� ($�&�(1$8(1 4� P�� #4�4� 7,'(*� 0/7*(1-� , � G�>-�7� �  B� �7(1$8�-W�
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0�-���0�'(17� �F�&)*�)�7�-� �̂�Y(F*�)�<�K�� 9 ,�2?R��
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. J(�-�I.�R�
��



 309 

�4�`'(���$*��7*�)�<',F (D(&.� ,�2?4�
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0�-�7��&,�2�� (�( 9�  �F�',/*�)� , � �8 K./.� W �&�*�G ,�(1-� =&'�&(�),D(1�
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